Introduction
Ovarian hyperstimulation syndrome (OHSS) is an iatrogenic complication that occurs as a result of treatments including ovulation induction and assisted reproductive technology (ART). It is characterized by cystic dilatation of the ovaries and a rapid shift of fluid from the intravascular compartment into the third cavity. 1 The trigger factor for this syndrome, independent of exogenous or endogenous exposure, is human chorionic gonadotropin (hCG). It is thought that hCG exerts this effect on OHSS through upregulation of an angiogenic molecule, vascular endothelial growth factor (VEGF). 2 OHSS affects 12%-25% of in vitro fertilization cycles. In addition, in ART cycles, severe form of this syndrome can be observed in 0.5%-5% of the cases. Not only because it is a life-threatening syndrome, but also because its pathophysiology is difficult to understand, researchers have been impelled to begin working on OHSS extensively. 3 After ovulation induction, vascular permeability is thought to be affected by many factors, such as cytokines, including ILs, renin angiotensin system-associated 
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Çilgin factors, tumor necrosis factor-α, VEGF, and endothelin-1 (ET-1). 4 Experimental animal models have demonstrated that the main reason for increased vascular permeability after in vivo use of gonadotropins was the addition of hCG. In contrast, it has been shown that blocking the VEGF receptor with a dopamine agonist or adding specific VEGF inhibitors can normalize vascular permeability. 5, 6 Administration of hCG significantly increases VEGF and VEGF receptor 2, resulting in increased vascular permeability, which is the main underlying pathophysiology of this clinical condition. 7 When cabergoline is administered within 9 days following hCG administration, it reduces the initiation of early OHSS without affecting luteal angiogenesis by partially inhibiting the VEGF receptor 2 phosphorylation levels and associated vascular permeability. 8 T-helper cells produce and secrete IL-2, which acts as a central regulator or mediator of the immune response. Many toxic side effects have been observed including "vascular leak syndrome", which mimics OHSS when IL-2 is administered to humans. To further support this concept, IL-2 levels were measured during oocyte collection in follicular fluids of patients who subsequently developed OHSS. When patients with severe OHSS were compared with controls, by hCG concentration, a dose-response modulation of IL-2 production in the granulosa cell microenvironment and higher IL-2 mRNA levels in peripheral blood mononuclear cells were seen. 9 Detection of ET-1 at high concentrations in follicular fluid samples of patients receiving ovulation induction and a positive correlation between ET-1 and follicle stimulating hormone (FSH) in follicular fluid suggest that ET-1 plays a role in the pathogenesis of OHSS and ovarian function. 10 In tumor models, cyclooxygenase 2 (COX-2) inhibitors have been shown to inhibit angiogenesis. Recently, the selective COX-2 inhibitor NS389 was shown to inhibit autologous endometrial graft growth by inhibiting angiogenesis in a Syrian hamster skinfold chamber model.
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When cells were exposed to daily systemic usage of COX-2 inhibitors, VEGF expression was inhibited, and as a result of proliferation and apoptosis activation, vascular density of the lesions decreased. 12 A large randomized controlled trial conducted with nonsteroidal anti-inflammatory agents showed that the use of low-dose aspirin in the high-risk group reduced the incidence of OHSS without affecting pregnancy outcomes. 13 Meloxicam was also able to reduce ovarian weight and VEGF expression associated with OHSS in an animal model. 14 The upregulation of COX-2 inhibition reduced fertility due to ovulation suppression (luteinized unruptured follicle syndrome), in which follicles failed to develop, but the selective COX-2 inhibitor celecoxib showed no negative effect on oestrous cycles in rats. 15 These observations made me consider that celecoxib may have a preventative and therapeutic role in OHSS and compelled me to investigate the effect of celecoxib on VEGF, ET-1, and IL-2 in an experimentally induced rat model.
Materials and methods study design and rat grouping
Following an acclimation period, thirty-two, 24-day-old rats were randomly divided into four groups (each consisting of eight animals). The first group (control group) received 0.2 mL of subcutaneous saline for 6 consecutive days (days [25] [26] [27] [28] [29] [30] and no further intervention. Subcutaneous injections of 10 IU recombinant FSH (Gonal-f; Darmstadt, Germany) were administered to the remaining 24 rats on 5 consecutive days (on a daily basis from day 25 to day 29). Then, on day 6, 30 IU of hCG (Pregnyl; N.V. Organon, Schiphol-Rijk, the Netherlands) was administered for induction of ovarian hyperstimulation. After OHSS induction (on a daily basis till day 30), the rats were randomly divided into three equal groups, resulting in a total of four groups. Group 2 (OHSS group) received no intervention after hCG was administered and OHSS was established. After OHSS induction, group 3 (cabergoline group) received 100 mg/kg of cabergoline (Dostinex; Pfizer, New York, NY, USA) orally for 6 days, and group 4 (celecoxib group) received 25 mg/kg of celecoxib (Celebrex; Pfizer) orally for 6 days. All groups were evaluated in terms of weight, hematocrit, VEGF, ET-1, and IL-2 levels on the initial day of the study (day 0), on day 6 (pretreatment), and on day 12 (after treatment following decapitation on day 36). Decapitation was performed under general anesthesia following administration of intraperitoneal ketamine (75 mg/kg, Ketalar 500 mg injectable vial; Pfizer) and xylazine (10 mg/kg, Xylased 100 mg ampule; Bioveta, Ivanovice na Hank, Czechoslovakia). All hormones were administered subcutaneously. Increased weight and hematocrit values were the criteria for successful establishment of OHSS as previously described by Ohba et al. 16 Throughout the study, the rats were kept in groups of eight per cage and exposed to 12 hours of artificial light and dark cycles. Rats were fed with standard pellets and tap water. Age-appropriate rats were used for the study to eliminate or reduce age-related differences. 
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Çilgin characteristics of rats
This study was conducted on thirty-two, 24-day-old immature female Wistar albino rats, weighing 44-64 g. Prior to the start of the study, the rats were given 12 days of acclimation.
laboratory operations
After decapitation, about 3 mL of blood was taken from each rat. For the separation of sera, blood samples were centrifuged at 2,500 rpm for 4 minutes and were kept at -20°C until assaying for all parameters. VEGF was evaluated with a rat VEGF ELISA kit (ELR-VEGF-1; RayBiotech, Norcross, GA, USA), ET-1 was measured using an endothelin-1 E/Kit (EK-023-01; Phoenix Pharmaceuticals, Mountain View, CA, USA), and IL-2 (EK-042-01; Biored, Istanbul, Turkey) was analyzed using the immunoassay method.
Main outcome measures
As the main outcome criteria, weight (g), hematocrit (%), and serum levels of VEGF (pg/mL), IL-2 (pg/mL), and ET-1 (ng/mL) were measured.
ethical approval
The Local Animal Ethical Committee of Kafkas University approved the study (on 24/11/2016, session no: 2016/119, decision no: 11). All interventions were conducted according to the National Institutes of Health Guide for the Care and Use of Laboratory Animals.
After ethical approval, the study was conducted at the Laboratory Center for Experimental Studies of Kafkas University.
statistical analyses
For the analysis of data, SPSS version 21.0 was used (IBM Corporation, Armonk, NY, USA). The results were expressed as mean ± SD. Differences between the groups were assessed by one-way ANOVA when appropriate followed by the Tukey's test or the Student's t-test. P-values #0.05 were considered statistically significant.
Results
The results showed that OHSS, which I intended to create experimentally, was successfully induced in the three intervention groups. Initially, there was no statistically significant difference in weight, hematocrit, VEGF, IL-2, and ET-1 levels between the groups (Figure 1) . Although there was no difference between the weight of rats at the end of treatment (P=0.158), except for the difference between group 1 and the other groups after OHSS was established, binary comparative statistics among the other groups were not statistically significant (P=0.001). When the rats were compared in terms of hematocrit values, although the difference was not statistically significant at baseline, the value was statistically significant at day 6 between group 1 and the other groups only (P=0.004). The difference between hematocrit values at day 12 was again not statistically significant (P=0.674). When the groups were compared in terms of VEGF, the difference between group 1 and the other groups was statistically significant after OHSS was induced (P=0.012). After treatment, however, a significant difference was observed between group 2 and the other groups only (P=0.001). The same was true for ET-1, which means that when ET-1 levels were compared after OHSS formation (P=0.018), only the difference between group 1 and the other groups was statistically significant. There was a statistically significant difference between group 2 and the other groups following treatment (P=0.002), and no statistically significant difference was found in other binary comparisons. As for IL-2, there was a statistically significant difference between group 1 and the other groups on day 6 (P=0.015). On the other hand, following treatment a significant difference was observed in binary comparisons between group 2 and the other groups only (P=0.038) ( Table 1) .
Discussion
The cause of OHSS, which is known to occur after fertility treatments, has not been precisely established. This has led to the investigation of possible mechanisms. In this context, the author aimed to investigate the role of VEGF, ET-1, and IL-2 in the formation of OHSS, to examine how these parameters change with celecoxib treatment, and to compare the effects of celecoxib and cabergoline on these parameters in a hyperstimulation rat model. The selected drugs are directed at cascades that are involved in the mechanisms of OHSS and are easily administered, safe, stable, and have previously been used in humans for a variety of reasons.
In this study, all three intervention groups were characterized by increased weight, and hematocrit, VEGF, IL-2, and ET-1 values compared to the control group on day 6. In addition, it seemed that increased weight and hematocrit value in the OHSS-induced rat groups might have resulted from the effects of these markers and demonstrated experimentally successful creation of OHSS. Although there was no significant difference between weight and hematocrit values between the groups after treatment, the differences Drug Design, Development and Therapy 2019:13 submit your manuscript | www.dovepress.com
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Çilgin between group 2 and the other groups in terms of ET-1, IL-2, and VEGF values were significant in binary comparisons. According to our results, both treatment modalities (cabergoline and celecoxib) were successful in the treatment of OHSS.
COX-2 has been shown to be a potent angiogenic factor in many systems. 17, 18 A study conducted by Fujii et al demonstrated that, as a result of local production of arachidonic acid metabolites by COX-2, VEGF, which is primarily responsible for vascular permeability, is increased. 19 COX-2 is stimulated by various factors such as cytokines, growth factors, and tumor promoters. It is also upregulated in many cancers associated with increased VEGF production and angiogenesis. 20 At the end of treatment, although noteworthy differences were observed between the OHSS group and the celecoxib group, the differences between the control group and celecoxib group were not statistically significant in terms of the evaluated parameters. This finding means that celecoxib was successful in treating OHSS. We believe that this effect is due to inhibition of angiogenesis and VEGF as a result of inhibition of the COX-2 enzyme as emphasized in the studies conducted earlier. Table 1 One-way anOVa analysis of weight, hematocrit, serum VegF, il-2, and eT-1 levels of all rats in the study Shows that the difference between groups is not statistically significant. *Shows the degree (P-value) of the statistically significant difference. Abbreviations: VegF, vascular endothelial growth factor; eT-1, endothelin-1; hcg, human chorionic gonadotropin; Ohss, ovarian hyperstimulation syndrome.
VEGF is an important mediator of OHSS that stimulates angiogenesis in endothelial cells and enhances vascular permeability. 21 HCG administration significantly increases VEGF, which leads to increased vascular permeability. 7 Treatment with either cabergoline alone or in conjunction with a gonadotropin-releasing hormone antagonist was recommended, when appropriate, to reduce the effects of VEGF and subsequently OHSS. 22, 23 The results of our study showed that celecoxib decreased VEGF levels by at least as much as cabergoline (group 4 vs group 3).
ET-1, a powerful vasoconstrictor, may be responsible for increased vascular permeability in many tissues. High levels of ET-1 were detected in patients receiving ovulation induction therapy. ET-1 was found at concentrations 100-300 times higher in follicular fluid samples compared to plasma samples. In addition, there was a positive correlation between ET-1 and FSH, suggesting a potential role for ET-1 in OHSS. 24 Similar to previous studies, our results demonstrated that after ovulation induction, OHSS rats had higher ET-1 levels compared to controls. Moreover, treatment with both medications (cabergoline and celecoxib) resulted in reduced ET-1 levels when compared to controls.
Previous studies have reported expression of IL-2 and IL-2 mRNA in cultured luteinized granular cells. As a result of hCG stimulation, granulosa cells may produce an excessive amount of IL-2, leading to vascular leakage syndrome similar to that seen in OHSS. 25 This study showed that compared to the control group, the OHSS-induced rat groups had significantly higher IL-2 levels. However, after treatment with cabergoline or celecoxib, there was no significant difference when groups 3 and 4 were compared with the control group. However, at the end of treatment, there was a significant difference in IL-2 levels between group 2 (without any treatment after OHSS was established) and the other groups (group 2 vs others groups, P=0.038).
A study conducted by Quintana et al showed that the incidence of OHSS can be decreased by using meloxicam, a COX-2 inhibitor, in a rat model. 14 However, meloxicam is not recommended for in vitro fertilization cycles because it inhibits the release of mature follicles and suppresses ovulation. 26 Huang et al demonstrated that in hyperstimulated ovaries, electroacupuncture administration, through regulation of COX-2, decreases luteal formation and promotes luteal functional regression. 27 These studies have shown that prostaglandins play an important role in the pathophysiology of OHSS. The great advantage of using celecoxib in our study is that, unlike other COX-2 inhibitors, its side effects on ovulation are minimal. Some preliminary work showed that the deterioration of OHSS may be accelerated by prostaglandin E2.
28,29 Therefore, we think that the low level of VEGF, ET-1, and IL-2 is not a coincidence when comparing the control group with the celecoxib group. In this study, for the first time, I provided firm evidence that celecoxib decreases VEGF, IL-2, and ET-1 in OHSS-induced rats. Similarly, Elia et al demonstrated that metformin decreased the release of vasoactive molecules such as VEGF and COX-2 and has a beneficial effect in preventing OHSS. 30 The first and most important limitation of our study may be its failure to create the exact model that presents symptoms of OHSS similar to those observed in clinical practice. Although we found significant differences in terms of the parameters compared, another limitation of this study was that the correlation with the OHSS grade could not be established. Moreover, the relatively small size of our sample can be considered as another limitation.
Conclusion
This study distinctly showed that by decreasing VEGF, ET-1, and IL-2 levels, cabergoline and celecoxib could improve the features of OHSS. However, the precise effect of celecoxib on these markers still needs to be investigated. It appears that celecoxib treatment may be a better option for highrisk patients to prevent progression of OHSS. Before being administered in clinical practice, further studies and clinical trials are required to provide reliable results on the effects of celecoxib treatment.
